Baseline EEG theta/beta ratio is associated with decreased feedback-related negativity and increased risk-taking during a gambling task. This association is only present in individuals with sufficiently high punishment sensitivity. Theta activity that is associated with decreased feedback-related negativity and increased risk-taking during a gambling task originates from the anterior cingulate cortex.
h i g h l i g h t s
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a b s t r a c t
Objective: Feedback-related negativity (FRN) is associated with reinforcement learning and punishment sensitivity. Furthermore, reinforcement learning proficiency can be predicted from pre-task baseline EEG theta/beta ratio. In this study it was examined whether there was a relation between baseline theta/beta ratio in rest and FRN amplitude during a gambling task, and if such a correlation would be related to theta activity or to beta activity. Methods: Baseline EEG and a self-report measure of punishment sensitivity (BIS) were obtained from 52 healthy volunteers. FRN was recorded during a gambling task. Results: FRN amplitude was negatively correlated with theta/beta ratio in high BIS individuals. Furthermore, source localization indicated that baseline theta activity generated in the anterior cingulate cortex (ACC) accounted for this correlation. For low BIS individuals no correlation was found. Conclusions: An association between high baseline theta/beta ratio with low amplitude FRN and high risk-taking can be found in individuals who score sufficiently high on the BIS scale. This relationship is carried mostly by baseline theta activity, but not by beta activity. Significance: This link between baseline brain activity, self-report measures and feedback processing may contribute to further understanding the biological basis of conditions that are accompanied by abnormal theta/beta ratio and reward processing, such as attention deficit hyper activity disorder (ADHD). Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Background brain activity as measured in baseline EEG shows individual differences in spectral power profiles. These differences are found to be highly stable over time and are therefore thought to reflect basic physiological properties of brain function (Corsi-Cabrera et al., 2007; Williams et al., 2005) . As such, baseline EEG profiles have been related to personality traits and affective styles (e.g. Coan and Allen, 2004; Hewig et al., 2006; Jausovec and Jausovec, 2007) . Interestingly, the relative contribution of slow wave theta activity (4-7 Hz) compared to fast wave beta activity (13-30 Hz), quantified as theta/beta ratio, has been related to impulsive behavior such as faster responding (van DongenBoomsma et al., 2010) , and lower response inhibition (Putman et al., 2010) . Furthermore, high theta/beta ratio has been associated with increased risk taking in the Iowa gambling task (Schutter and Van Honk, 2005) . These findings point towards a relation between baseline theta/beta ratio and behavioral inhibition, such that people with high theta/beta ratios are more impulsive and tend to take higher risks. This idea is all the more interesting since increased theta/beta ratio and theta power are common features of
